Abstract-The transcription factor cAMP responsive element-binding protein (CREB) has been found to be involved in arterial smooth muscle cell (SMC) migration. We previously demonstrated that osteopontin (OPN) expression is a key step for UTP-mediated migration of arterial SMCs and that activator protein (AP)-1, nuclear factor B, and upstream stimulatory transcription factors are involved in this OPN expression. The present study aims to determine the role of CREB in UTP-induced migration and OPN expression in cultured SMCs. We found that CREB is activated by UTP via extracellular signal-regulated kinase 1/2 and p38 mitogen-activated protein kinase pathways but not by protein kinase A. Both overexpression of a dominant negative CREB and CREB small interfering RNA treatment suppressed UTP-induced OPN expression and SMC migration. Gel-shift and chromatin immunoprecipitation assays revealed that CREB binds 2 AP-1 sites (Ϫ1870 and Ϫ76) and a cAMP responsive element-like site (Ϫ1403) on the OPN promoter.
A rterial smooth muscle cell (SMC) migration plays an essential role in the development of the atherosclerotic and restenotic intimal thickenings. 1 This migration can be induced by various factors, including growth factors, hormones, cytokines, and, as shown recently, extracellular nucleotides. 2 Several studies suggest that extracellular nucleotides (ATP, ADP, UTP, UDP) could be regarded as important extracellular signaling molecules. 3 These nucleotides may be released during platelet aggregation and vascular cell physical or chemical stresses. Recently, it was also demonstrated that UTP is released during cardiac myocardial infarction. 4 Nucleotide-induced SMC activation is mediated via G protein-coupled P2Y receptors. Among these, P2Y 2 , activated by both ATP and UTP, is the most significantly expressed in cultured SMCs 5 and is overexpressed in rat and porcine intimal hyperplasia. 6, 7 This potential action of nucleotides was confirmed by in vivo experiments demonstrating that the perivascular administration of UTP enhances cell accumulation in intimal thickenings in collared arteries in association with osteopontin (OPN) overexpression. 8 OPN, a secreted phosphoprotein containing a GRGDS cell adhesion sequence, plays an important role in cell adhesion and migration (reviewed elsewhere 9, 10 ), more particularly, in the migration of arterial SMCs. 11 Cell culture experiments have demonstrated that several factors, including plateletderived growth factor (PDGF), angiotensin II, and basic fibroblast growth factor activate OPN expression. 12, 13 In addition, we have previously shown that extracellular nucleotides, in particular UTP, induce the expression of OPN in cultured arterial SMCs. 14 The autocrine production of this chemotactic protein and its binding to its main receptor, the integrin ␣ v ␤ 3 , are necessary to UTP-induced SMC migration. 2, 5 The regulation of OPN expression therefore appears to play a key role in SMC migration.
Various attempts have been made to define the mechanisms of OPN gene expression and have led to the identification of several transcription factors, including Smad, 15 Cbfa, 16 Ets-1, 17 and Sp1, 18 involved in this process. In SMCs, OPN gene transcription is upregulated by upstream stimulatory factors (USFs) and activator protein (AP)-1 in glucose-treated cells, 19 and by USF-1 in serum-stimulated cells. 20 Moreover, we have demonstrated that AP-1, nuclear factor (NF)-B, and USF transcription factors are involved in UTP-induced OPN expression in SMCs. 21, 22 Several SMC chemotactic factors, including PDGF, 23 angiotensin II, 23 thrombin, 24 tumor necrosis factor ␣, 25 and extracellular ATP, 26 have been shown to induce the activation of the transcription factor cAMP-response element-binding protein (CREB) in these cells. Moreover, CREB activation by PDGF, 27 angiotensin II, 28 and UTP 27 led to specific gene transcription in SMCs. Altogether, these studies suggest that the activated CREB factor could play a role in the SMC migration process. However, this role has not been clearly established yet and its mechanisms remain to be defined.
The transcription factor CREB is activated by the phosphorylation of Ser133, which is typically performed by protein kinase A. However, other protein kinases can perform this phosphorylation, including extracellular signal-regulated kinases 1 and 2 (ERK1/2), p38 mitogen-activated protein kinase (MAPK), calmodulin kinase (CaMK), and protein kinase B (PKB) (reviewed elsewhere 29 ). Ser133 phosphorylation strongly enhances CREB-dependent transcription. CREB forms either homo-or heterodimers with members of either the CREB/ATF family or the AP-1 family. These dimers generally bind DNA at the CRE binding site (TGACGTCA consensus) found in the promoter of target genes. 30 However, some studies demonstrate that these homoor heterodimers can also bind AP-1 sites. [31] [32] [33] In the present study, we demonstrate that UTP-induced CREB activation mediates the UTP-induced SMC migration and activates the transcription of the OPN gene through the formation of a CREB/c-Fos complex, which binds AP-1 sites of the OPN promoter.
Materials and Methods

Adenovirus Production and Cell Transduction
Replication-defective adenovirus vector expressing the dominant negative mutant ACREB (AdACREB), in which the basic region was changed to an acidic region, 34 was a gift of C. Vinson (NIH, Bethesda, Md) and was amplified by the Genethon (Evry, France). SMCs grown to semiconfluence were incubated for 48 hours at 37°C with either AdACREB or an adenovirus vector expressing LacZ (AdLacZ) at a multiplicity of infection of 50 in DMEM with 5% FCS. Cells were then washed with PBS and placed in serum-free medium before stimulation. Multiplicity of infection indicates the number of virus per cell added to culture dish.
Small Interfering RNA
Three 21-bp duplex RNAs that specifically target different regions of the rat CREB mRNA (Acc NM_031017) were designed and synthesized by Eurogentec (Liège, Belgium). The small interfering RNA (siRNA) targeting the mRNA sequence AAGCACTTAAGGACCT TTACT was found to exert the greatest downregulation of CREB expression as evaluated by RT-PCR using specific primers (5Ј-AG CACCCACTAGCACCATTG-3Ј and 5Ј-TGACTTGTGGCAGTAA AGGTC-3Ј) and by Western blot using a specific antibody against total CREB (Santa Cruz Biotechnology). Cells were transfected with either 100 nmol/L CREB siRNA or universal negative control siRNA (Eurogentec OR-0030-NEG05) using Lipofectamine Plus according to the instructions of the manufacturer (Invitrogen, Carlsbad, Calif) and then placed in serum-free medium for 24 hours before stimulation.
Chromatin Immunoprecipitation Assay
Chromatin immunoprecipitation (ChIP) assays were performed as previously described 21 using 2 g of anti-CREB (Santa Cruz Biotechnology) or irrelevant antibody anti-VEGF (Santa Cruz Biotechnology). The OPN promoter fragment containing the Ϫ1403CRE site was PCR amplified using 5Ј-ATATTCGATAGT CACAGGTG-3Ј and 5Ј-GCAATTACTTCCTAAGCTTCCATTAC CTGAAATGGAG-3Ј primers; the Ϫ1870AP-1 site with 5Ј-GTTG AGTCATTCCTGTGGGC-3Јand 5Ј-GCCCTTTAAGCACGACAC CC-3Ј. The Sp-1 gene fragment control was amplified using 5Ј-AG AACCGCACAGTCTCTGGT-3Ј and 5Ј-GGGACAGCTTGCTGG AGTAG-3Ј primers.
In sequential ChIP (ReChIP) experiments, we performed a first ChIP with anti-CREB or anti-c-Fos antibodies (Santa Cruz Biotechnology). Immunoprecipitated complexes were eluted by incubation for 30 minutes at 37°C in 25 L of 10 mmol/L dithiothreitol. After centrifugation, the supernatant was diluted 20 times with ReChIP buffer (1% Triton X-100, 2 mmol/L EDTA, 150 mmol/L NaCl, 20 mmol/L Tris-HCl, [pH 8.1]) and subjected to a second ChIP procedure immunoprecipitation using 2 g of the complementary antibody (anti-c-Fos after anti-CREB or anti-CREB after anti-cFos). PCR amplification was performed as described.
An expanded Materials and Methods section is available in the online data supplement at http://circres.ahajournals.org.
Results
UTP Induces CREB Activation in SMCs
CREB is activated by several cytokines and growth factors involved in arterial wall remodeling. We studied the effects of the extracellular nucleotide UTP stimulation on CREB activation, ie, CREB phosphorylation on serine 133, measured by Western blot using a phospho-serine 133 antibody. CREB phosphorylation was rapidly and transiently induced after UTP stimulation of cultured SMCs, although the level of total CREB remained unchanged ( Figure 1A ). This activation is dependent on UTP concentration, with a maximal effect between 1 and 25 mol/L ( Figure 1B) . A similar activation was observed after SMC stimulation by extracellular ATP (data not shown). To determine whether CREB phosphorylation was actually linked to a functional activation, CREBmediated transcription was monitored in SMCs transfected with a CRE reporter plasmid (CRE-luc). UTP stimulation of quiescent SMCs induced a 50-fold increase of CREBmediated transcription ( Figure 1C ). Furthermore, transfection of SMCs with a dominant negative CREB (ACREB) construct totally inhibited the UTP-induced CREB transcription revealed by the activity of the CRE-luc reporter ( Figure 1C ). Altogether these experiments demonstrated that UTP stimulation induced a functional activation of the CREB transcription factor in cultured SMCs.
UTP-Mediated CREB Activation Is Not Dependent on the Protein Kinase A Pathway
To determine whether UTP-mediated CREB activation involves the typical protein kinase A (PKA) pathway, we studied UTP-induced CREB phosphorylation in the presence of the PKA inhibitor H89 (Figure 2A ). Under these conditions, UTP was still able to induce serine 133 phosphorylation of CREB, demonstrating that PKA was not involved. Several other protein kinases including MAPK-activated protein kinases, CaMK, and PKB/Akt also induce CREB activation (reviewed elsewhere 29 ). Involvement of these different kinases was assessed using specific inhibitors of ERK kinases 1 and 2 (U0126), p38 (SB203580), CaMK (K62), and phosphatidylinositol 3-kinase (LY294002). Inhibitors of CaMK and phosphatidylinositol 3-kinase did not demonstrate any antagonist effect on CREB phosphorylation (data not shown). In contrast, as shown in Figure 2A , preincubation of SMCs with either ERK Kinase 1 and 2 or p38 MAPK inhibitors (U0126 and SB203580, respectively) decreased UTP-induced CREB phosphorylation. Moreover, the effects of these 2 inhibitors were cumulative, suggesting that ERK1/2 and p38 pathways act in parallel to induce CREB phosphorylation. The CREB-mediated transcription was tested using the reporter CRE-luc in the presence of these inhibitors to assess whether these 2 pathways are involved in the functional activation of CREB. When transfected SMCs were stimulated by UTP in the presence of U0126 and SB203580, UTP-induced reporter gene activation was partially inhibited by these inhibitors ( Figure  2B ), demonstrating that ERK1/2 and p38 pathways mediate functional CREB activation.
CREB Is Involved in SMC Migration
Because UTP mediates SMC migration, we questioned whether CREB mediates this effect. The role of CREB in UTP-mediated SMC migration was determined by the Transwell approach using adenovirus expressing the dominant negative ACREB, which efficiently inhibits CREB activity. Proliferating SMCs were transduced with either AdACREB or the control AdLacZ adenoviruses and maintained in serum-free medium for 24 hours. Adenoviruses were added to a multiplicity of infection of 50 assuming a yield of Ϸ90% transduced cells, as measured with AdLacZ. Expression of ACREB in rat SMCs transduced with AdACREB was verified by Western blot using an anti-hemagglutinin antibody targeting the hemagglutinin tag of the ACREB chimerical protein (data not shown). UTP induced a 3.7-fold increase of untreated SMC migration ( Figure 3 ). AdACREB transduction inhibited UTPinduced migration by 56% (PϽ0.01), whereas AdLacZ transduction had no effect on SMC migration (AdLacZ versus untransduced). These results suggest that the UTP-mediated migratory process is, in part, dependent on CREB activation.
To confirm the involvement of CREB in UTP-induced SMC migration, another strategy using siRNA selectively targeting CREB was conducted. The CREB siRNA duplex effectively downregulated CREB expression in cultured SMCs, at both mRNA and protein levels ( Figure 4A ). As expected, the negative control siRNA had no effect on CREB expression. CREB siRNA treatment also reduced UTPinduced SMC migration to 55% of the untreated cells ( Figure  4B ; PϽ0.01), whereas the siRNA-negative control did not induce any inhibition. Thus, the use of these 2 distinct CREB knockdown strategies demonstrated that CREB is involved in UTP-mediated migratory process.
CREB Is Involved in UTP-Induced OPN Expression
We previously demonstrated that UTP induced SMC migration via OPN production. 2 We thus proceeded to determine whether CREB, which is involved in SMC migration, is also involved in OPN expression. Total RNA and total proteins were isolated after a 6-hour UTP stimulation of either adenovirus-transduced or siRNA-treated quiescent SMCs. Transduction with AdLacZ had no effect on UTP-induced OPN expression, whereas AdACREB transduction produced an inhibition at both the mRNA and the protein levels (30.1%Ϯ2.1 and 32.9%Ϯ4.2, respectively) ( Figure 5A ). In the same way, treatment with control siRNA had no effect on UTP-induced OPN expression, whereas CREB siRNA treatment inhibited this expression (30.4%Ϯ0.7 for mRNAs and 40.4%Ϯ1.2 for proteins) ( Figure 5B ). These experiments demonstrated that CREB activation is necessary for OPN production and suggested that the effect of CREB on UTPinduced SMC migration involves OPN expression modulation.
CREB Binds Two AP-1 Sites and One CRE Site on the OPN Promoter
Our next aim was to identify the mechanisms of CREBmediated OPN expression, namely by searching, on OPN promoter, for CREB binding sites that regulate UTP-induced OPN gene transcription. Sequence analysis using MatInspector software 35 of the Ϫ1994 to ϩ66 region of the rat OPN promoter revealed several potential CREB-binding sites: 2 CRE-like sites, 3 E4BP4 sites, and 2 AP-1 sites (supplemental table). To determine whether CREB could bind these sites, electrophoretic mobility-shift assay (EMSA) analyses were performed using a CRE consensus probe ( Figure 6A ). When nuclear extracts were incubated in the presence of this probe, a CREB/CRE complex was formed. This complex disappeared when a 50-fold excess of the cold CRE probe, but not a nonspecific probe, was added, showing that the interaction was specific. Competition assays using an excess of cold probes representative of the potential CREB binding sites of the rat OPN promoter were then conducted. Among them, only Ϫ1870AP-1, Ϫ76AP-1, and Ϫ1403CRE probes were able to shift the complex, suggesting that CREB can specifically bind these three sites. To verify that CREB could actually bind these sites on OPN promoter in living cells, ChIP assays were conducted. After immunoprecipitation with anti-CREB antibody, we used PCR primers that specifically amplify the OPN promoter regions containing the Ϫ1870AP-1, Ϫ76AP-1, and Ϫ1403CRE-like sites, respectively. This PCR analysis demonstrated that the genomic DNA of these 3 regions of the OPN promoter were immunoprecipitated with the anti-CREB antibody (compared with the irrelevant anti-VEGF antibody). showing that CREB can indeed bind these 3 sites ( Figure 6B ).
The Two AP-1 Sites Are Involved in UTP-Induced OPN Expression
The functional effect of CREB binding on these 3 potential regulatory sites of the OPN promoter was first evaluated by studying the inhibitory effect of the dominant negative ACREB on UTP-activated transcription in cells transfected with a set of pGL2 plasmids carrying 5Ј deletions of the rat OPN promoter. Indeed, the inhibition rate by ACREB reflected the implication of CREB in the activation of specific OPN promoter regions by UTP. ACREB inhibited all constructs tested containing the Ϫ1994-to ϩ66 bp region of the OPN promoter ( Figure 7A ). However, this experiment clearly demonstrated a marked decrease of both UTP activation and ACREB inhibition when the regions Ϫ1994 to Ϫ1599 and Ϫ294 to ϩ66 were missing, suggesting that only these 2 regions contained elements able to bind UTP-activated CREB ( Figure 7B ). To confirm this result, the 3 potential CREB binding sites Ϫ1870AP-1, Ϫ76AP-1, and Ϫ1403CRE-like were individually mutated on Ϫ1994-luc constructs, and cells were transfected with each of the mutated constructs. UTP-stimulated promoter activity was unchanged when Ϫ1403CRE-like site was mutated. This activity was significantly reduced by 25.6% and 30% when the Ϫ1870 and Ϫ76AP-1 sites were mutated, respectively, and by 57% when these both sites were mutated, suggesting an additive effect ( Figure 7C ). When ACREB was expressed, the inhibition of UTP-induced OPN expression was reduced when the 2 AP-1 sites were individually mutated and fully abrogated for the double mutant ( Figure  7D ), confirming that only the Ϫ1870 and Ϫ76AP-1 regulatory sites are involved in CREB-mediated OPN transcription induced by UTP.
Interaction of CREB With AP-1 Sites of OPN Promoter
The results illustrated above indicated that CREB acts through the 2 AP-1 sites on OPN promoter. However, it has previously been demonstrated that Ϫ76AP-1 site binds c-Fos factor. 21 We thus explored the binding capacities of these sites by EMSA analyses. UTP stimulation largely increased the complex binding to Ϫ76AP-1 and Ϫ1870AP-1 probes. A supershift assay using anti-c-Fos and anti-CREB antibodies was performed to identify transcription factors bound to the 2 AP-1 sites. When either a CREB or a c-Fos antibody was added to the nuclear extract with the 2 probes, the DNA- Figure 6 . CREB-binding sites on OPN promoter. A, CRE consensus (CRE cons) probe was used for the gel-shift assay with nuclear extracts from quiescent SMCs stimulated for 15 minutes with 10 mol/L UTP. Competition experiments were performed using a 50-fold excess of unlabeled oligonucleotides representative of the sequence of the putative CREB-binding sites of the OPN promoter. B, ChIP analysis was preformed with quiescent SMCs stimulated for 15 minutes with 10 mol/L UTP. Transcription factors bound to chromatin were immunoprecipitated using either an anti-CREB antibody or an irrelevant antibody (anti-VEGF). Immunoprecipitated AP-1 or CRE regions of the OPN promoter were detected by PCR analysis. Total extract was used as a positive control of the PCR. Sp-1 amplification was used as a control of specificity. Quantification of the PCR amplification bands was performed by image analysis (Scion Image). Figure 7 . OPN AP-1 sites are involved in UTPinduced OPN expression. SMCs were cotransfected with the basic pGL2 plasmids carrying 5Ј deletions of the OPN promoter (Ϫ1994 to Ϫ294) (A and B) or specific mutations of Ϫ1870AP-1, Ϫ76AP-1, Ϫ1403CRE, or Ϫ1870 and Ϫ76 AP-1 (Ϫ1994⌬AP-1⌬AP-1) sites (C and D) and by the dominant negative CREB plasmid (ACREB). pcDNA3 was used as control. The ratio of stimulated to unstimulated activities was evaluated (A and C), and the percentage of ACREB inhibition on the various constructs was calculated (B and D). Each transfection was performed in triplicate in each experiment (nՆ3). *PϽ0,05.
protein complex was displaced by 82%Ϯ12 and 93%Ϯ10.7, respectively, for the Ϫ76AP-1 probe and by 82%Ϯ8 and 99%Ϯ6 for the Ϫ1870AP-1 probe ( Figure 8A ). In contrast, no modification was observed when an anti-NF-B p65 subunit was used ( Figure 8A ). This experiment suggested that c-Fos and CREB were bound together to AP-1 sites. To verify the interaction between these factors on the AP-1 sites in vivo, an ReChIP assay was performed. Chromatin was coimmunoprecipitated using the anti-CREB antibody and then the anti-c-Fos antibody. This coimmunoprecipitation was also performed in inverted order, with anti-c-Fos treatment followed by anti-CREB treatment. In both experiments, PCR analysis of the resulting coimmunoprecipitated chromatin amplified the Ϫ1870 and Ϫ76 OPN promoter regions significantly compared with the control condition with the irrelevant antibody, suggesting that c-Fos and CREB could form a complex ( Figure 8B ) that binds to the 2 AP-1 sites of OPN promoter to induce its expression.
Discussion
In the present study, we show that the transcription factor CREB is activated in UTP-stimulated SMCs and takes part in UTP-induced SMC migration. We also demonstrate that this UTP-induced CREB activation is involved in the expression of OPN, an RGD-containing extracellular matrix phosphoprotein required for UTP-induced SMC migration. 2 This effect is mediated by the binding of CREB on 2 AP-1 sites of the OPN promoter.
It has been demonstrated that UTP stimulation of SMCs induces expression or activation of several transcription factors, including c-Fos, USF, and NF-B. This activation is mainly mediated by ERK and PKC pathways. 21, 22 In this report, we demonstrate for the first time in SMCs, that UTP activates the phosphorylation of CREB through ERK1/2 and p38 MAPK, but not by the usual PKA pathway. A similar involvement of these MAPK in CREB activation has been previously reported after stimulation of SMCs by thrombin, a mitogen and chemotactic factor for SMCs, acting via a 7-transmembrane domain receptor as well. 24 The role of CREB in SMC migration is incompletely characterized and even controversial. Various chemotactic agents for SMCs such as PDGF-BB, 27 tumor necrosis factor ␣, 25 angiotensin II, 28 thrombin, 24 and ATP 26 have been shown to stimulate CREB phosphorylation, suggesting that CREB might be involved in the regulation of SMC migration. In the present study, we demonstrate that inactivation of CREB by its dominant negative form or by specific CREB siRNA greatly decreases UTP-induced SMC migration and consequently that CREB is involved in this process. Our result is consistent with the demonstration of CREB involvement in tumor necrosis factor ␣-mediated migration of SMCs. 25 Moreover, the inhibition of CREB activity by dominant negatives leads to a decrease in SMCs proliferation induced by ATP or thrombin, 24, 26 demonstrating that CREB is necessary for the activity of these factors that are also chemotactic for SMCs. In contrast, Klemm et al have described a negative correlation between the CREB level and the PDGF-activated SMC migration. 36 Moreover, it is now well demonstrated that agents activating the cAMP/PKA pathway not only activate CREB but also inhibit SMC migration, 37 suggesting that CREB might be involved in this inhibition. However, different studies report that the inhibition of migration is essentially attributable to the phosphorylation of other PKA targets, leading to the inhibition of various steps involved in the migratory process, ie, inhibition of the ERK and phosphatidylinositol 3-kinase pathways and of Rho kinase and actin polymerization. 38 However, CREB may also participate in the expression of genes such as Cox-2 involved in the inhibition of SMC migration. 39 It is currently difficult to put forward a rational explanation for the discrepancy observed for the role of CREB in SMC migration. Meanwhile, it can be proposed that CREB regulation is not only dependent on the nature of chemotactic stimuli and of the activated intracellular signalization pathways but also on the phenotypic state of the target SMCs.
OPN is a key actor of UTP-mediated SMC migration. 2 We have previously identified different transcription factors involved in UTP-activated OPN expression in SMCs, namely AP-1, USF, and NF-B factors. 21, 22 In the present study, we A, EMSA assay was preformed using 32 P-labeled Ϫ76AP-1 and Ϫ1870AP-1 probe. Nuclear extracts were obtained from quiescent SMCs stimulated or not for 15 minutes with 10 mol/L UTP. Anti-c-Fos and anti-CREB antibodies were used for supershift. Anti-NF-B p65 subunit was used as a nonspecific antibody. CREB/CRE complex is indicated with an arrow. Quantification of the signal density of 4 experiments was determined by image analysis (Scion Image). UTP-stimulated extract without antibody was taken as reference (nϭ1). B, ReChIP assay was performed with quiescent SMCs stimulated for 15 minutes with 10 mol/L UTP. Transcription factors bound to chromatin were coimmunoprecipitated first using an anti-CREB antibody and then an anti-c-Fos antibody, or first using an anti-c-Fos antibody and then an anti-CREB antibody. Irrelevant antibody (anti-VEGF) was used as a control. Immunoprecipitated AP-1 or CRE regions of the OPN promoter were detected by PCR amplification. Total extract was used as a positive control of the PCR. Sp-1 amplification was used as a control of specificity. Quantification of the PCR amplification band was determined by image analysis (Scion Image).
show that phosphorylated CREB is transcriptionally active and contributes to OPN expression in UTP-stimulated SMCs. It is well documented that CREB binds usual CRE sites on target gene promoters (reviewed elsewhere 30 ). We demonstrate that, among the potential CREB-binding sites, CREB binds only to the Ϫ1403CRE site and to the Ϫ1870 and Ϫ76AP-1 sites. However, only the 2 AP-1 sites were involved in UTP-induced OPN expression, as shown using specific mutated promoter constructs. This unexpected result suggests that CREB could either bind to AP-1 sites as a homodimer 31 or participate in a complex with AP-1 proteins. 32, 33, 40 We have previously demonstrated that c-Fos and c-Jun bind the Ϫ76AP-1 site. 21 In this report, we show, by supershift assay, that CREB is associated with c-Fos on the 2 AP-1 sites of the OPN promoter. We thus can hypothesize that a multicomplex containing CREB, c-Fos, and/or c-Jun proteins regulates the OPN transcription-dependent binding to AP-1 sites. Because our data do not show a CREB-binding site in the 300 bp flanking the AP-1 sites, the ReChIP coimmunoprecipitation experiment strongly supports this hypothesis. A transcriptional complex involving NF-B, AP-1, and CREB has already been described. 40 In our case, NF-B does not take part in the AP-1/CREB complex bound to these 2 AP-1 sites.
In this report, we describe a new pathway for UTP-induced OPN expression involving activation of the transcription factor CREB and its binding, in association with c-Fos, to AP-1 sites of the OPN promoter. Taken together with our previous results, this study underscores the complex regulation of the SMC chemotactic protein OPN by the extracellular nucleotide UTP. Moreover, it suggests a potential role for the activation of CREB not only by UTP but also by other SMC chemotactic agents, because PDGF and angiotensin II also induce OPN expression in SMCs. 12, 13 
